Introduction
The ability of a nation to participate in the global knowledge economy depends to some extent on its capacities in science and technology. In an effort to assess the capacity of different countries in science and technology, this article updates a classification scheme developed by RAND to measure science and technology capacity for 150 countries of the world. The first version of this index was published in the RAND report "Science & Technology Collaboration: Building Capacity in 2 Developing Countries" MR-1357.0-WB. This article updates the index with more recent data and improves its accuracy with new data and analysis.
Science and technology capacity is defined for the purpose of this exercise as the ability of a country to absorb and retain scientific knowledge and to use this knowledge to conduct research and development. We use "country" or "nation" as the defining unit of analysis because this is how data is collected. However, we recognize that knowledge does not honor political borders, and that, even within specific countries, the "knowledge border" may involve regions that cross national borders. This would be the case between the United States and Canada, for example, where the S&T system is quite well integrated.
This index is designed as input to the policymaking process. A number of international institutions, including the World Bank and the United Nations, have policies that include the goal of enhancing S&T capacity or otherwise tapping capacity to encourage innovation. S&T capacity has been shown to be positively correlated to economic growth, although the extent to which the two are linked is not clear. (Solow 1970; Nelson, 1986; Mansfield 1968) Many areas of science have little connection to economic development, and many areas of economic growth do not rely on S&T. Moreover, a review of economic history shows that, in many cases, technology-led growth precedes the development of a national scientific system.
(Freeman 2002) It may be that S&T is a catalyst for development; one that emerges after a basic threshold of economic development is crossed. It is not clear where this threshold is, although in recent decades, countries such as Mexico, Brazil, South Korea, and earlier, Japan, appear to have reached and crossed this threshold.
This capacity index uses a series of indicators to assess the extent to which countries have the infrastructure and knowledge absorptive capabilities to use scientifically 3 based knowledge in order to enhance development. It does not measure the extent to which countries are advancing frontiers of S&T knowledge, it does not measure the capacity to produce scientific and technical progress, nor does it measure innovative capacity or industrial development. In addition, the index only measures comparative international differences and cannot be used to track the development of actual capacity of one nation through time. Some of these features are measured by other groups.
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The index uses indicators to measure the extent to which a country can absorb and use scientific and technological knowledge. Science is a way of knowing things. It is a widely accepted, adoptable, and transferable set of assumptions about how to understand the world in which we find ourselves. As scientific practices become standardized and transferred, the practice of science becomes a system of knowing things. That system takes on a dynamic that transcends and subsumes the practitioner. As a result, science is often referred to as a "universal" way of knowing because the knowledge passes without regard to the political allegiances, gender, race, Technology is a set of tools designed to manipulate the natural world and to extend human intentions. Like science, technology can be a system of knowledge, and it also includes the added dimension of purposeful, interacting tools. Knowledge about technology is often tacit -it has to be experienced in order to be learned. (Nelson and Winter 1982) Knowledge about the use of technology can also be proprietary, since the manipulation of the natural world often creates tradable goods. Thus, the measures of scientific knowledge and of technological knowledge will be different, although, in this index we do not try to capture the extent to which technological knowledge is embedded in tradable goods.
Constructing a composite index
Before we present the index and the supporting data, it is important to describe what the index itself conveys. Composite or aggregate indices like this one are constructed for a wide range of purposes. One motivating factor is the needs of policymakers who most often need aggregated data, sometimes even a single all-encompassing number.
Composite indices can be used for four distinct purposes:
• to examine a specific dimension of a field or policy area (e.g. health, well-being, economic growth)
• to compare geographic entities (usually countries),
• to chart developments through time,
• to compare social and other groups (e.g. distinguished by gender or income).
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The S&T Capacity Index (STCI) examines the ability of countries to absorb, retain, produce, and diffuse science and technology. The index will essentially compare countries without measuring the actual extent of their capacity. Consequently, it cannot be used to chart developments through time (other than shifts in the international ranking). Regional, social and gender distinctions will not be measured.
The STCI is constructed in three steps, illustrated in the system diagram, Figure 1: • Selecting variables based on an understanding of the process that determines the composite number.
• Combining the individual indicators into a single index by converting them to a common format, checking their correlation and consistency, weighting them into an aggregate number and testing different weighting schemes.
• Checking related but different variables to see if the outcome matches alternative evidence.
As we constructed the index, we kept in mind that transparency is very important to the usefulness of the index. The data and analysis presented here is done in a way that allows other researchers to apply the same index to other situations and to revise the index with new information and with the addition (or omission) of variables.
Selection of S&T indicators
We set out to create an international comparison of science and technology capacity.
However, S&T capacity is a theoretical construct. Its magnitude cannot be determined directly, let alone precisely, and has to be approached using a number of proxy variables. Thus, the indicators for S&T capacity are based upon our assessment of the factors that enable the absorption, retention, use, and creation of knowledge. We 6 judged that including as many reliable indicators as we could find would increase the usefulness of the final index. Thus, we identified and collected together data on:
• Scientists and engineers trained at world class levels,
• Institutions where research is conducted,
• Public funds for research and development,
• Flows of information within the knowledge-using sectors ,
• Connectivity with the larger S&T world,
• The stock of embedded knowledge,
• Infrastructure to support economic and research activity.
All these data represent factors that are initial conditions that help to create S&T capacity. However, not all of the factors are equally contributory. It is possible to find an example of a country that has connectivity, infrastructure, and institutions where research could be conducted, but which does not have significant S&T capacity. However, it would be difficult to find an example of a country that has scientists and engineers, funds for R&D, and a stock of embedded knowledge that does not have the supporting features of institutions, information flows, and infrastructure.
Thus it could be argued that some features are sufficient to support S&T, while other features are necessary to support it. The necessary features are scientists and engineers, institutions for research, and funds for research and development. These • preconditions that help create an environment conducive to the absorption, retention, production and diffusion of knowledge,
• resources of S&T activities, which concerns the indicators that relate most directly to S&T capacity,
• output of scientific and technological knowledge and its diffusion to the larger world.
The sources for the indicators are presented in Table 1 .
Coverage and comprehensiveness
Finding a balance between coverage (number of countries, regions or other units included in the analysis) and comprehensiveness (the variety of issues and dimension of science and technology) is perhaps the most challenging part of the task of creating an index. Obviously, no index can cover the entire range of dimensions related to a subject area. It is therefore advisable to sharply focus the index, that is, to define its precise purpose and to outline what it does and does not measure. Coverage is intimately related to comprehensiveness: the more detailed the data will have to be, the fewer countries, regions, or social groups can be included. This is especially true of many developing countries where fewer data are collected and statistical information is often less reliable. 2 The amount and reliability of such statistics cannot (necessarily) be blamed on the national statistical institutes. It is inherent to the nature of developing economies that many economic activities occur outside the statistical purview (e.g. payments in kind and production for own consumption).
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A wide international comparison of a range of variables inevitably leads to problems regarding data availability. We sought to construct the index so we could include as many countries as possible, but the final list does not will not cover the entire world.
Finding the balance between coverage and comprehensiveness entails three options:
• using fewer variables with a wider geographic coverage,
• reducing the sample of countries, keeping only those for which there is sufficient information,
• devising statistical methods to preserve both the entire sample of countries and the entire set of variables.
We have chosen the second option. This choice assumes that most S&T capacity is located in highly developed countries. As data becomes more and more scarce, the chances that we are missing S&T capacity also diminishes. As a result, we thought that we would lose more accuracy by eliminating variables than we could gain in breadth of coverage.
International statistical publications yielded a list of 215 countries, dependent and independent. We excluded 31 dependencies and small island nations for which data were extremely scarce. They include such countries as Tuvalu, Tonga and other Pacific island nations, Andorra and San Marino. The data coverage of the remaining 184 countries is shown in table 1. 
Conversion to a common format
If the indicators are comparable -for example, when they are all values expressed in US dollars-then the composite index is simply equal to their sum or average. In most events the indicators will not be comparable and it will be necessary to first transform the percentages, values, ratios and other units to a common format. For example, the Human Development Index (HDI) of the UN Development Program converts its data on per capita GDP, life expectancy, and education to indices with a value between 0 and 1 before aggregating them into the HDI.
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The variables included in the S&T Capacity Index are all different. Our preferred method of standardisation is to convert the absolute values into distances from an international average. The distance of the national score for a particular variable from the international average is expressed as a percentage of the standard deviation (the average of these distances). The formula for the conversion is:
Equation 1 where:
Y ij is the converted value of indicator j for country i X ij is the value of indicator j for country i X j is the international average of indicator j across the dataset σ j is the standard deviation across the dataset of indicator j
The standard deviation and the international average serve as benchmarks in the comparison of the S&T capacity of countries. Since the ranking is entirely relative, in that the addition of a single country changes the scores of all countries and S&T capacity is not measured in absolute terms, it is very difficult to judge the Index value of a specific country. The international average and the margins defined by the 12 standard deviation are used to classify the countries in the ranking as is shown in chart 4.
Chart 4 A graphic representation of the interpretation of the S&T Capacity Index scores
An alternative method of conversion that does result in an absolute score that is not dependent on the scores of other countries is the method of the Human Development Index. The basic formula of the HDI is:
Equation 2 where HDI ij is the converted value of indicator j for country i X ij is the value of indicator j for country i X min is the lower boundary assigned to indicator j X max is the upper boundary assigned to indicator j
The HDI method has its own shortcomings in that the upper and lower boundaries between which each indicator is assumed to move have a large impact on the ultimate value of the Capacity Index.
Internal consistency
One of the main requirements of a good composite index is that it has to be internally 14 Three tests help determine the internal consistency of the index.
1. An analysis of the distribution of values around the mean shows the degree to which the aggregate is sensitive to variations in each variable. The distribution around the mean can be different for the component variables and it is important to know how this will affect the composite index.
The second test involves calculating the correlations between the component
variables in order to discover substitutes and complementaries. As the indicators move from preconditions towards output the distribution around the mean becomes more skewed. Charts #a and #b show that enrolment and per capita GDP are spread fairly evenly across countries, although the normal distribution clearly tapers off towards the upper end of the scale. Resources are distributed somewhat more unevenly, which is especially true for the number of institutions.
Output is particularly skewed as a large number of countries scores at or near zero.
The distortion in the distribution of output indicators may be an artifact of the data. 
